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1. Data {#sec1}
=======

DNA multimerization is a by-side amplification reaction that occurs under isothermal conditions on short single-stranded DNA templates using Bst exo- DNA polymerase \[[@bib2]\] through cycle-like structure formation \[[@bib3]\]. The products of multimerization appear as a ladder on electrophoretic gels and represent tandem repeats that correlate with nucleotide sequence of initial template \[[@bib1], [@bib2], [@bib3]\]. Here, we present data on multimerization using short (51 nucleotides) DNA templates (LTa-LTf) with different nucleotide sequences and corresponding natural and modified primers (F/R primer pairs) with one, two or three internucleosidic phosphates containing 1,3-dimethyl-2-imino-imidazolidine moieties (phosphoryl guanidine (PG) groups). Primers with three options of PG position were designed: near the 3′-end (Fc1/Rc1, Fc4/Rc4 and Fc6/Rc6 pairs), in the middle (Fc2/Rc2, Fc5/Rc5, Fc7/Rc7 and Fc8/Rc8 pairs) and near the 5′-end (Fc3/Rc3 and Fc9/Rc9 pairs) of the primers. In primers containing two or three PG groups, modifications were separated by one nucleoside with the exception of the Fc8/Rc8 pair where PG groups were separated by two and three nucleosides. [Table 1](#tbl1){ref-type="table"} represents time-to-threshold (Tt) values obtained for amplification of linear (LT) and circular (CT) forms of different DNA templates using unmodified primers. Sequences and molecular masses of modified primers are given in [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"} represents time-to-threshold (Tt) values obtained for amplification of linear LTc and circular CTc templates using modified primers. Raw data are provided in Supplementary file.Table 1The mean Tt (time-to-threshold) values (minutes) for amplification of linear (LT) and circular (CT) DNA templates (unmodified primers were used).Table 1TemplatesNucleotide sequence, 5′→3′Linear form (LT)Circular form (CT)LTaGTCACGTCAGTCCTGTAGTGCTCAGTGTCGTCGTACAGCCTACATTGCAGA51.8 ± 7.214.9 ± 1.4LTbCTCTCTCTCTCGCTGACGTGCTCAGTGTCGTCGTACAGCCTAAGGAGAAGA56.1 ± 8.413.7 ± 1.1LTcCCTCTTGCTTTCGCTCTCGTTCTTTACAGAACACAGACGAGAAGAAGACCA53.4 ± 5.915.2 ± 1.5LTdAGGAGAAGACTGCTGACGTGCTCAGTGTCGTCGTACAGCCTACTCTTCCTC154.8 ± 30.512.5 ± 1.6LTeATTATTAGACTGCTGACGTGCTCAGTGTCGTCGTACAGCCTACGCTGCCGCN/A[a](#tbl1fna){ref-type="table-fn"}N/ALTfCTGCCGCGACTGCTGACGTGCTCAGTGTCGTCGTACAGCCTACGATTATTA163.1 ± 24.714.3 ± 2.1[^1]Table 2Sequences and molecular masses of phosphoryl guanidine oligonucleotides.Table 2NameSequence, 5′→3′\[M\] calc.\[M\] exp.Fc1CCTCTTGCTTTCGCTCTCGTTCTp\*TT7578.057585.2Fc2СCTCTTGCTTTCp\*GCTCTCGTTCTTT7578.057583.6Fc3Cp\*CTCTTGCTTTCGCTCTCGTTCTTT7578.057588.8Fc4CCTCTTGCTTTCGCTCTCGTTCp\*Tp\*TT7673.27683.0Fc5CCTCTTGCTTTCp\*GCp\*TCTCGTTCTTT7673.27687.8Fc6СCTCTTGCTTTCGCTCTCGTTp\*Cp\*Tp\*TT7768.357779.1Fc7CCTCTTGCTTTCp\*Gp\*Cp\*TCTCGTTCTTT7768.35--Fc8CCTCTTGCTp\*TTCp\*GCp\*TCTCGTTCTTT7768.35--Fc9Cp\*Cp\*Tp\*CTTGCTTTCGCTCTCGTTCTTT7768.357779.5Rc1TGGTCTTCTTCTCGTCTGTGTTCTp\*GT8002.258010.1Rc2TGGTCTTCTTCTCp\*GTCTGTGTTCTGT8002.258017.2Rc3Tp\*GGTCTTCTTCTCGTCTGTGTTCTGT8002.258006.6Rc4TGGTCTTCTTCTCGTCTGTGTTCp\*Tp\*GT8097.48104.8Rc5TGGTCTTCTTCTCp\*GTp\*CTGTGTTCTGT8097.48111.6Rc6TGGTCTTCTTCTCGTCTGTGTTp\*Cp\*Tp\*GT8192.558201.2Rc7TGGTCTTCTTCTCp\*Gp\*Tp\*CTGTGTTCTGT8192.558207.5Rc8TGGTCTTCTTp\*CTCp\*GTp\*CTGTGTTCTGT8192.558198.4Rc9Tp\*Gp\*Gp\*TCTTCTTCTCGTCTGTGTTCTGT8192.558204.4[^2]Table 3The mean Tt (time-to-threshold) values for amplification of linear LTc and circular CTc DNA templates using phosphoryl guanidine primers (minutes).[a](#tbl3fna){ref-type="table-fn"}Table 3FcFc1Fc2Fc3Fc4Fc5Fc6Fc7Fc8Fc9**Linear template (LTc)**Rc53.4 ± 5.950.7 ± 4.452.1 ± 6.449.4 ± 7.2N/A[a](#tbl3fna){ref-type="table-fn"}63.5 ± 7.8N/A77.1 ± 11.353.9 ± 5.350.6 ± 4.7Rc143.5 ± 7.467.8 ± 5.353.2 ± 7.847.1 ± 5.8N/A67.6 ± 10.5N/A74.8 ± 7.346.8 ± 7.551.7 ± 5.9Rc253.8 ± 8.158.5 ± 6.750.6 ± 7.150.0 ± 10.3121.2 ± 27.169.2 ± 11.8N/A80.5 ± 10.660.1 ± 9.452.7 ± 13.7Rc349.4 ± 9.351.2 ± 5.751.6 ± 6.953.2 ± 6.895.7 ± 13.662.5 ± 9.4N/A76.6 ± 8.156.5 ± 10.156.3 ± 9.2Rc4N/AN/A98.6 ± 12.587.4 ± 8.2110.3 ± 14.7N/AN/AN/AN/A126.2 ± 34.9Rc567.8 ± 8.663.7 ± 5.571.0 ± 6.968.3 ± 9.274.5 ± 5.150.8 ± 9.6N/AN/AN/A61.8 ± 18.3Rc6N/AN/AN/AN/AN/AN/AN/AN/AN/AN/ARc763.4 ± 5.377.3 ± 8.266.9 ± 10.560.4 ± 21.663.3 ± 4.8N/AN/AN/AN/A66.4 ± 21.5Rc860.5 ± 9.670.6 ± 12.850.9 ± 12.357.9 ± 10.7N/A54.6 ± 12.6N/A137.1 ± 13.547.2 ± 6.359.7 ± 14.6Rc951.5 ± 7.755.7 ± 6.654.5 ± 6.846.7 ± 17.570.2 ± 19.152.4 ± 9.8N/A67.9 ± 15.356.2 ± 11.460.2 ± 5.6**Circular template (CTc)**Rc15.2 ± 1.513.4 ± 1.414.6 ± 1.615.1 ± 2.250.6 ± 1.513.2 ± 1.9N/A53.6 ± 1.413.8 ± 0.914.3 ± 1.4Rc117.3 ± 1.827.4 ± 2.116.5 ± 1.615.4 ± 2.133.5 ± 1.617.7 ± 1.5N/A53.5 ± 2.017.5 ± 1.413.7 ± 1.1Rc214.5 ± 1.713.1 ± 1.213.5 ± 1.414.6 ± 1.544.5 ± 1.715.8 ± 1.3N/A34.6 ± 1.314.3 ± 1.515.1 ± 1.6Rc315.8 ± 1.114.1 ± 1.218.3 ± 1.715.7 ± 1.840.8 ± 1.315.7 ± 1.5N/A23.6 ± 1.514.6 ± 1.615.0 ± 1.5Rc460.5 ± 2.236.6 ± 1.644.7 ± 2.549.4 ± 2.060.4 ± 1.727.4 ± 1.5N/A60.2 ± 2.171.5 ± 2.744.3 ± 1.9Rc547.5 ± 1.727.2 ± 1.435.2 ± 2.025.2 ± 1.233.6 ± 1.813.9 ± 1.6N/A29.7 ± 1.434.4 ± 1.525.5 ± 1.3Rc6N/AN/AN/AN/AN/AN/AN/AN/AN/AN/ARc753.4 ± 1.460.4 ± 1.954.8 ± 3.355.3 ± 1.450.5 ± 1.186.4 ± 2.5N/A11.6 ± 1.515.0 ± 1.533.3 ± 1.5Rc815.6 ± 0.915.6 ± 1.716.5 ± 1.415.4 ± 1.246.2 ± 2.015.4 ± 1.3N/A17.8 ± 1.044.2 ± 1.817.5 ± 1.6Rc913.7 ± 2.515.5 ± 2.014.8 ± 1.215.1 ± 1.238.7 ± 1.123.7 ± 2.6N/A19.1 ± 1.521.0 ± 1.711.2 ± 1.3[^3]

2. Experimental design, materials, and methods {#sec2}
==============================================

2.1. Materials {#sec2.1}
--------------

The following reagents were used: Bst 2.0 DNA polymerase and Isothermal buffer (New England Biolabs); T4 DNA ligase, exonuclease I, T4 polynucleotide kinase, dNTP (Thermofisher Scientific); SYBR Green I (Lumiprobe); tetrahydrofuran for DNA synthesis (Panreac); 2-cyanoethyl deoxynucleoside phosphoramidites and CPG solid supports for DNA synthesis (Glen Research). All solutions were prepared with highly purified water (\>18 MOm) (Millipore).

2.2. Oligonucleotides {#sec2.2}
---------------------

Linear DNA templates LTa-LTf, unmodified oligonucleotide primers Fa-Ff and Ra-Rf and splint probes Sa-Sf were designed using an OligoAnalyzer tool (Integrated DNA Technologies) and purchased from Syntol (Russia). Oligonucleotides Fc1-Fc9 and Rc1-Rc9 with internucleosidic phosphoryl 1,3-dimethyl-2-imino-imidazolidine groups (phosphoryl guanidine oligonucleotides (PGO)) were synthesized as described in Refs. \[[@bib4],[@bib5]\]. PGO were isolated by reverse-phase HPLC on an Agilent 1200 HPLC system (USA) using a Zorbax SB-C18 (4.6 × 150 mm) column with a linear gradient of elution buffer (0--50% acetonitrile in 20 mM triethylammonium acetate, pH 7.0, flow rate 2 ml/min). Purified oligonucleotides were concentrated followed by precipitation with 2% LiClO~4~ in acetone, washing with pure acetone and desiccation under vacuum. PGO structures were confirmed by MALDI-TOF mass spectra recorded on a Reflex III Autoflex mass spectrometer (Bruker) using 3-hydroxypicolinic acid or LC-MS/MS ESI MS on an Agilent G6410A mass spectrometer (USA) in a negative ion mode. Molecular masses of phosphoryl guanidine oligonucleotides were calculated using experimental *m*/*z* values. Stock solutions of oligonucleotides were prepared by dilution of precipitates in deionized water. Sequences of all oligonucleotides are given in Ref. \[[@bib1]\].

2.3. DNA circularization {#sec2.3}
------------------------

The circular DNA templates was prepared as follows. One pmol of each linear oligonucleotides LTa-LTf was routinely phosphorylated by T4 polynucleotide kinase in a 10 μl reaction mixture. Then, 5 pmol of corresponding splint probe Sa-Sf and 2 μl of T4 DNA ligase buffer were added, and the reaction mixtures were put in T100 thermal cycler (Bio-Rad Laboratories) for DNA strands annealing. The temperature was slowly decreased from 80 to 25°С within 1 hour. After the end of annealing, 2 μl of 10 mM ATP and 5 U of T4 DNA ligase were added. The mixtures were incubated for 18 h at 8°С, after which the ligase was inactivated at 75°С for 15 min. Then, 1 U of exonuclease I was added in each sample, and the reaction mixtures were incubated for 2 h at 37°С and then for 1 h at 45°С followed by enzyme inactivation at 85°С for 15 min. The circular DNA templates were diluted up to 10^7^ molecules/ul and used for further amplification reactions without additional purification.

2.4. Isothermal DNA amplification {#sec2.4}
---------------------------------

All amplification samples were prepared in an UVC/T-M-AR PCR box (Biosan). The working space, dispensers, and plastic ware were preliminarily irradiated with ultraviolet for 20 min. Amplification was carried out in an iQ5 thermal cycler (Bio-Rad Laboratories) in 10 μl of reaction mixture containing 10^7^ linear or 10^7^ circular DNA target copies per reaction, 5 pmol of each primer, 1 μl of 2.5 mM dNTP, 1 × Isothermal buffer, 0.1 × SYBR Green I intercalating dye and 1.5 U of Bst 2.0 polymerase. Each sample was represented in three repeats. The program of amplification consisted of the following steps: 1) 70°С -- 30 s, 2) 60°С -- 3 h.
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[^1]: N/A -- no amplification occurs.

[^2]: p\* corresponds to modified phosphates (PG groups).

[^3]: N/A -- no amplification occurs.
